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Abstract 

We include the Roper excitation of the nucleon in a version of heavy-baryon chiral perturbation theory 
recently developed for energies around the delta resonance. We find significant improvement in the Pn 
channel. 



Chiral perturbation theory (ChPT) is the effective field theory (EFT) of QCD at momenta 
comparable to the pion mass, m-,^. It includes the lightest hadron, the pion, but not mesons — 
such a. .he rh.^ with masses o, .he o.der of the typical QCD .„a,s scale. M«co ~ 1 GeV. The 
mesonic version of the theory [1| can be thought of as an expansion of amplitudes in 111^^ / Mqqd 
and Q/Mqcj:), where Q is a characteristic external momentum. This approach has been shown to 
be ve.. successful k fot a variety of processes at e„et.ies below a sttuctute associated with the 
sigma meson at a position nia- — iTfj/2 = (441 — 272i) MeV [3| in the complex energy plane, which 
suggests a radius of convergence S ~ +r2/4 ~ 6/^, where ~ 92 MeV is the pion decay. 

ChPT includes also the lightest baryon, the nucleon, because the relatively large nucleon mass, 
rriMi is inert in low-energy process {4]. However, contrary to the mesonic sector, the first baryon 
excitations appear at energies not much larger (relative to ttt-tv) than 772,7^. The most important is 
the delta isobar at rriA — nriM — iT/:^/2 ~ (270 — 50i) MeV js]. If the delta is not included explicitly, 
the theory represents an expansion in ~ [Q,m.,^)/5 with 5 = tti-a — — 3/,^ which cannot 
be applied at energies much beyond the threshold region. The importance of the delta in ChPT 
has been recognized for a long time, and introducing a field to describe its long-distance effects 
rearranges ChPT contributions and improves its convergence pattern [g^S]. In order to calculate 
amplitudes in the vicinity of 5, a selective resummation is required [s, 10|. Generally this yields 
very good results {ill, [l^. In the quintessential low-energy nucleon reaction, elastic vrA^ scattering, 
the leading delta contribution is of 0(Mq(-;j-,/(5), in contrast with ChPT near threshold where 
"leading order" is used to refer to 0{Q). All channels except Pn are well described at 0{Q) lo| . 
which here means next-to-next-to-leading order. 

Other nucleon excitations have received considerably less attention in ChPT. Among them, the 
Roper [1^ is special, and here we argue that the Roper can be considered within the regime of 
ChPT, although of course in a marginal sense. First, the Roper pole appears at an energy not very 
far above the delta, mpi — mN — i^R/2 ~ (420 — 80i) MeV Q]. Without explicit Roper contributions, 
the theory is as an expansion in ~ (Q, ?Ti^)/p, where Q now includes 5, and p = mn — rriN ~ ^-^fn- 
Other resonances lay at least S above threshold (for example, the next higher 5ii resonance has a 
larger mass, — rnj\f > G/tt ~ E j5|), and it is difficult to see how they could be incorporated 
in the EFT without the concomitant inclusion of meson resonances. Second, the Roper width 
is ~ rA/o^/2(5^, as expected from ChPT widths that scale as /Mq^j^. The same is not 
true for higher resonances, which typically have smaller relative widths. Third, the delta and 
the Roper nearly saturate the Adler-Weisberger sum rule, a result which suggests that, together 
with the nucleon, these two resonances fall into a simple reducible representation of the chiral 
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SU{2)l X SU{2)ji group 

The Roper could thus be expected to play a role in low-energy observables. Take, for example, 
elastic vrA^ scattering in the Pu channel. The phase shift [5| is repulsive near threshold but 
becomes attractive at a center-of-mass (CM) energ y ( with mi\f subtracted out) E ~ S/tt, right 



in the delta region. In ChPT, whether without 



]J-[19|] or with l20|-l2^ an explicit delta, the 



near-threshold behavior is reproduced in lowest orders with a monotonically decreasing phase shift. 
The turnaround can at best be achieved if a nominally higher-order effect provides an opposite 
contribution to the lower orders. This is not a problem when this region is considered beyond the 
range of EFT, but needs to be addressed as we extend this range, as done in Refs. [s-JJ]. The 
attraction in this channel has long been identified as due to the Roper, thanks to its relatively low 
position and large width. 

In this article we incorporate the Roper in ChPT, leading to an expansion in ~ ((5,?ti^)/S, 
where Q now includes p as well. We continue to refer to this EFT as ChPT because it still relies on 
expansions in the quark masses and in momenta. We illustrate its effect in elastic vrA^ scattering. 
We consider E ^ 6 and show that the Roper pole diagram is enhanced, significantly improving 
the description of the Pu channel at the first non-vanishing order, 0{Q). We check explicitly that 
this description is preserved at next order, 0((5^/Mqcd)- We refrain in this first approach from 
pushing the theory to E ^ p. At such energies a resummation is necessary, just like that in the P33 
channel at ~ 5. However, the proximity to the scale where other effects (cr, A^*(1520), A^*(1535)) 
accumulate is likely to lead to slow convergence. Nevertheless, since the Roper lies not far from 
the delta and its width is large, its effects are felt long before E ^ p. 

Aspects of Roper physics — the ttt-tt dependence of its mass and width — have already been 
considered in ChPT [23] with an eye to lattice extrapolations. The role of the Roper and other 
resonances on the properties of the baryon decuplet has been discussed in S'C/(3) ChPT [24]. An 
early study of the Roper in vrA^ scattering appeared in Ref. [20^, although no considerations 
of power counting guided the selection of contributions. Note that other approaches exist to 



incorporate the Roper (and other resonances) consistently with chira 



independence. They are reminiscent of the original approach 



symmetry and field-definition 



251 ] to nuclear interactions using 



a chiral Lagrangian: a pion-nucleon "kernel" is first derived in ChPT to a certain order and 
then unitarized, for example using the N/D method Q 3 or the Bethe-Salpeter equation [271 ]. 
(Similar approaches based on meson-exchange models include those in Ref. 23].) Power counting 
is not manifest at the amplitude level, but good results for pion-nucleon phase shifts are obtained 
into the Roper region. Needless to say, the Roper has long been been shown to be important in 
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phenomenological hadronic models [29[ |. For a recent review of Roper properties, see Ref. [30|]. 

The EFT contains all interactions allowed by the symmetries of QCD. The chiral Lagrangian 
with pion (tt), nucleon (N) and delta (A) fields that is required for vrA^ scattering up to 

nn n 

C((5^/Mqcd) in the channel of interest isgiven in Refs. uM- We adopt for definiteness 



the chiral Lagrangian in the form of Ref. [10|, and enlarge it by introducing a heavy- Roper field 
(i?) with the same quantum numbers as the nucleon. Since approximate SU{2)l x SU{2)ji chiral 
symmetry can be accounted in EFT through a non-linear realization based on unbroken isospin, 
the technology to construct interactions involving this field is the same as for the nucleon. The 
Lagrangian terms can be organized according to the chiral index v = d + m + n^ + np + f/2 — 2 ^ 
of an interaction, where d, m, ns, Up and / count derivatives, powers of m.,^, powers of 6, powers 
of p, and number of baryon fields, respectively. In the following we will need explicitly only the 
lowest-index Lagrangian, 

2 2 

£(0) = 2/2£>2 _ ^ + nU!^oN + QAN^raN • D 

2 {1 + 77^/4/4) 



+ (i^o -d)A + hA (^N^TSA + H.cj • D (1) 
+ {i% - p)R + g'A (n^tBR + H.c) • 3+ , 



and its first correction 

J2 



£(1) = Art ( + B2D D + B3eabceijkDa^DbJW I N + J—A^^^A + J—R^^^R 

\ zniAT / 2mjv 2mN 

- (iNWa ■ §N + H.c}\ -Do- — (iN^TS ■ §A + H.c\ ■ Dq (2) 

2mN ^ ' rriN ^ ^ 



- (iN^TU ■ §R + H.c)\ ■ Do + 

mv V / 



rriN 

Here = 8^77/2/,^ + ■ ■ ■ and = + it^^^ ■ (tt x D^)/ f^^ are the pion and baryon chiral- 
covariant derivatives; t^^^ is the isospin generator in a representation of isospin /; a and r = 2*^^/^^ 
are the Pauli matrices in spin and isospin; S and T are 2x4 transition matrices in spin and 
isospin, normalized so that = {25ij — ieijkCJk) /3 and analogously for T; gA-, hA, and g'j^ are 

the leading coupling constants of the pion with the nucleon, nucleon-delta, and nucleon-Roper, 
respectively; and -62^3 are low-energy constants (LECs) of ©(I/Mqcd)- For simplicity we work 
here in the isospin-symmetric limit, although (generically small) isospin breaking can be introduced 
along the lines of Ref. . 

Contributions to an arbitrary low-energy process can be ordered in powers of Q/Mhi ~ Mio/Mhi, 
where Mio ~ ttItt ~ 5 ~jo < M^i ~ S < Mqcd- Throughout the low-energy region the standard 
ChPT power counting [l| applies. In the near-threshold region, the theory is purely perturbative 



in powers of Q/Mhi. In a region — 5| = 0{5'^ /Mf^^) around the delta pole, there is a "kinematic" 
fine-tuning: one-delta-reducible contributions are enhanced and the delta self-energy needs to be 
resummed [10| (and, for a slightly different, earlier version, [9(1). At 0{MlJQ) the vriV amplitude 
is non-zero only in the P33 channel, where it has a standard Breit-Wigner form with a constant 
width. At 0{Q), the width acquires an energy dependence, and an energy-dependent background 
appears in all S and P waves, stemming from standard tree diagrams without a delta pole. Using 
= 139 MeV, rriAr = 939 



good fit to P33 phase shifts 



MeV, = 92.4 MeV, and qa = 1-29 as input, we find [lOl] a very 
with 5 = 305 MeV and Ha = 2.92. Thus, /m/^a is not far from the 



large- A'^c value 3/\/2 [31|]. The resulting P13 and P31 phases are equal 10|, in qualitative, and at 
low energies reasonably quantitative, agreement with the corresponding observed phase shifts Q]. 
Thus, ChPT can be successfully extended beyond E ^ 6. 

Now consider the effects of the Roper. The dominant Roper contributions will generically be 
the tree diagrams in FIG.[TJ More complicated diagrams, involving more derivatives and/or loops, 
should be suppressed by powers of Q/M^^i, and, barring fine-tuning, be of higher orders. The 
dominant diagrams themselves, if the Roper is integrated out, would contribute to the "seagull" 
counterterms, ttitNN, in the sub-leading Lagrangians of the Roperless EFT. Their contributions 
would appear together with others of 0{Q'^ /Mhi). The Roper crossed diagram is indeed of this 
order: it decreases with energy and is, at E ^ 6, 

Q2 Q2 q2 



(3) 



E + p 5 + p Mhi 

However, the Roper pole diagram increases in importance as the energy increases and at P ~ 5 is 

JSL.^.OI (4) 
E-p i-p M,,' ' 

Because the Roper and the delta are not widely separated, the first Roper contribution in the 
delta region is not suppressed by a large scale M/jj, but by the small scale Miq. The size of this 
contribution is 0{Q), not 0{Q'^ /Mqcd)- R is comparable to the nucleon pole and crossed diagrams, 

Q2 Q2 q2 



E 6 Mio' 



(5) 



and to the delta crossed diagram 



Q' Q' Q' ... 



E + 6 25 Mio 

Near threshold, E ~ 771,^, this counting overestimates the Roper and delta effects due to the 
numerical difference between p — 111^ and 5 + m-,^, on the one hand, and m^r on the other. 



R R 

FIG. 1: Roper pole and crossed tree diagrams. A double solid line marked "R" represents a Roper, a single 
solid line a nucleon, and a dashed line a pion. 

As E increases further and enters a window of size \E — p\ = 0{p^ /M"^-) around the Roper pole, 
the Roper-pole diagram becomes 0{M^^/Q) and the Roper self-energy is comparable to \E — p\. 
n this window one- Roper-irreducible diagrams require the same treatment as for the delta in Ref. 
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10|. At 0{M^-/Q), the Roper self-energy is made of one-loop diagrams that should be resummed. 
Already at 0{Q), however, complicated two-loop diagrams appear which account for the Roper 
decay into two pions. Although this decay mode is significant, it is still less important than decay 
into a single pion js^. This suggests that the EFT expansion could work even in this region, but 
we defer a detailed study of vrA^ scattering at the less favorable energy ~ p to a later publication. 

Outside this window, the Roper pole diagram should capture the dominant part of the rise of 
the resonance, and is the only Roper effect that needs to be considered to 0{Q), or N^LO. In 
vrA^ scattering, it contributes only to the Pn channel. The inclusion of an explicit Roper does 
not modify the amplitudes in the other P-wave channels, and therefore does not spoil the good 
description found in Ref. [10||. This special treatment of the Roper is different from the way the 



delta is dealt with in Ref. [10|. It enables us to improve the description of Pn over Ref. [lO|] with 
minimal complication, provided that one stays below the Roper, E ^ 5 < p. In this region an 
extension to higher orders poses no significant problems, although at some order of course two-loop 
diagrams also appear. Whether the relatively slow convergence of the width will translate into a 
slow convergence of the full loop expansion at low energies remains to be seen. 

To see the dominant Roper effects, we work with vrA^ scattering in the CM frame, and denote 
by k the magnitude of the pion momentum, by a; = ^^/k^~+'m^ its energy, and by Wcm = mj^ + E 
the total CM energy. For E ^ 5, the first non-vanishing contributions in the Pu channel are 
given by the nucleon pole and crossed diagrams, the delta crossed diagram, and the Roper pole 
diagram (see FIG. [5]), all constructed entirely from C^'^\ Eq. ([T]). We find for the first non- vanishing 
contributions to the T matrix in the Pu channel 

"2 
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E \ 3gA E + 6 8 \gAj E 
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FIG. 2: N^LO diagrams. Vertices have v = 0. A double solid line marked "A" represents a delta isobar; 
other notation as in FIG. [T] 



where 



1 + {E - uj) /ruN 



(8) 



1 + E/niN 

is a kinematic coefficient. Here the nucleon and delta terms are the same as in Ref. [lo| . Since 
the relative coefficient of the delta contribution is ~ 1, the nucleon contribution is numerically 
larger and leads (in the absence of the Roper term) to repulsive phase shifts throughout the low- 
energy region. As long as {g'j^/gA}^ is not too large, this situation survives near threshold. As E 
increases, however, while (apart from the overall k^) the nucleon and delta contributions decrease 
in magnitude, the Roper contribution increases. Since it has sign opposite to the nucleon term as 
long as E < p, it will eventually overcome the others. As long as {g'^/gA)^ is not too small, this 
happens at energies E ~ Miq. 

In next order, 0{Q^ /M^i) or N^LO, there are more tree-level contributions, see FIG. [3j In 
addition to the Roper crossed diagram (a), these contributions stem from one insertion of terms in 
C^^\ Eq. ([5]): nucleon recoil (b, c) and the Galilean pion-nucleon vertex correction (d, e) in nucleon 
pole and crossed diagrams; delta recoil (f) and the Galilean pion-nucleon-delta vertex correction (g) 
in delta crossed diagrams; Roper recoil (h) and the Galilean pion-nucleon-Roper vertex correction 
(i) in Roper pole diagrams; and pion-nucleon seagulls (j). Of these diagrams, (b), (h) and (i) vanish 
in the CM frame, and (c) and (f) do not contribute to the Pu partial wave. We find 
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where 



B2 



1 



(10) 



4 4mAr 

in terms of the LECs i?2,3- The nucleon contributions in Eqs. d?]) and Q are in agreement with 
Ref. [17]. While Eq. ([7]) agrees with the 0{G) delta contributions in Ref. 22], a comparison at 



0{Q'^) is obscured by the employment in Ref. 



221 ] of off-shell parameters and a,v = 1 ttA^A coupling, 



&3 + ^8) which is removed in our calculation using integration by parts and baryonic equations of 



motion 



331 ]. To this order, our EFT resembles an isobar model such as that in Ref. 29|], the main 
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FIG. 3: N'^LO diagrams. Once-circled vertices have i' — 1; other notation as in FIG. [T] and FIG. [H 
Diagrams with the same topology but different permutation of vertices are drawn only once. 

difference lying on the B term. Such term accounts for the short-range physics not considered 
explicitly in ChPT. Although unknown, it is not completely free: for the EFT expansion to be 
sensible, B is expected to be naturally sized, B ~ l/Mhi- Pion loops and further LECs appear in 
sub- leading orders. 

Expanding also the phase shifts in powers of Q/M^i, they can be extracted from Eqs. ([7]) and ([9]) 
in such a way that unitarity is preserved perturbatively: 0^^^^ = Tp^^'~' /2 and ^^^^ = Tp^_^^ /2. 
If we use the same nucleon and delta parameters determined at N^LO in Ref. we have just 
two undetermined parameters at N-^LO, p and 5^, and one more at N^LO, B. We fit our results to 
the Pii phases from the energy-dependent solution of the phase-shift analysis (PSA) by the George 
Washington (GW) group [s]. 

The Pii phase shifts have an interesting feature: they almost vanish until reaching the sign-flip 
point, E ^ 6, beyond which they become attractive. The phase is only about —1° at the lowest 
point of the "dip". This suggests that, for a wide kinematic window, the repulsion contributed 
by the nucleon nearly cancels the attraction by the delta and Roper. This sort of cancellation 
stands out among the low-energy 5 and P partial waves. While the sign-flip point constrains p and 
g'^ at N^LO (Eq. ([71)), the near cancellation for a wide window implies that the constraint is not 
restrictive at all, within an error of 1°. Thus, we expect a signiflcant uncertainty in determining 
p or g'j^. We reduce this uncertainty by fitting points on the right side of the sign-flip point, from 
W^CM = 1250 MeV to 1300 MeV, where the phase shifts become appreciable. Since the energy- 
dependent solution of the GW PSA does not have error bars, each input PSA point is fitted with 
the same weight, and only the central values of the LECs are shown below. 

The results for the P\\ phase shifts are shown in the left plot of FIG. HI For most of the plot. 
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FIG. 4: The Pn phase shift Op-^-^ as a function of Wcm7 the CM energy including the nucleon mass. LO 
and NLO vanish in this channel; the N'^LO EFT fit is given by the (red) dashed line and the N'^LO, by the 
(black) solid line. The green dots are the results of the GW phase-shift analysis [5]. On the left plot, the 
PSA points used as input in the EFT fit are marked by square boxes. On the right plot, the theoretical 
error band at N^LO is indicated by a (gold) forward hatched area, and at N'^LO by a (light blue) backward 
hatched area. We also show as, respectively, (magenta) dot-dashed and (blue) dotted curves the N^LO and 
N'^LO results using as input the Breit-Wigner mass and width from the GW analysis Q]. 

the N'^LO curve coincides with the N^LO curve. It fits slightly worse on the uphill to the Roper 
resonance, but does slightly better in the region we take the PSA inputs. The two curves agree 
with each other and data much more than one would expect. The theoretical error of the EFT 
amplitudes can be estimated as follows: (i) at N^LO, 



AT, 



37r/2 Mhi' 

which can be interpreted as the irN seagull terms with a "natural" size; (ii) at N^LO, 



AT, 



Pu 



(11) 



(12) 



3vr/2 Ml' 

The theoretical errors, with M^i = 600 MeV, are indicated by shaded areas in the right plot of 
FIG.H 

From the fit we extract values for p, g'^, and B. These are given in the first two rows of TABLE 
m together with values for 5 and Ha found in Ref. 3], and the value of used as input. These 
are the values that give the curves in the left panel of FIG. [H In order to have an estimate of the 
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TABLE I: Low-energy constants appearing in the Pn channel up to N^LO encoding nucleon (qa), delta. 
{Ha and S, in MeV), Roper (g^ and p, in MeV), and higher-energy {B, in GeV~^) properties. The values 
for g'j^, p and B extracted from the EFT fits at N^LO and N'^LO (where qa, hA, and S were used as input) 
are labeled "EFT". In the rows labeled "GW", p and are extracted from the Breit-Wigner parameters 
for the Roper [sl- The values when the nucleon, delta and Roper form a reducible representation of chiral 
symmetry with maximal mixing jisi ] are labeled "Chiral rep" . 





9A 


Ha 


S (MeV) 


9'a 


p (MeV) 


B (GeV-i) 


N^LO EFT 


1.29 


2.92 


305 


1.06 


690 




N^LO EFT 


1.29 


2.92 


305 


0.32 


470 


-2.3 


N^LO GW 


1.29 


2.92 


305 


0.54 


550 




N^LO GW 


1.29 


2.92 


305 


0.54 


550 


-1.6 


Chiral rep 


1.33 


2.82 


292 


0.33 


527 





uncertainty in a LEG, we consider its variation so that the EFT curves roughly stay, up to 1300 
MeV, within the theoretical error band in the right panel of FIG. HI while other LEGs are fixed 



at central values. At N^LO, we find g'^ = 0.32^0 



0.14 



Is, P = 470+^50 MeV, and B 



-2.3 



+0.7 

-0.7 



GeV- 



Of course, the errors in the parameters are correlated and these variations are just an illustration 
of the uncertainty in the parameter-space region that generates the extreme curves. These results 
are compared to values, in the last row, from the assumption that the nucleon, delta, and Roper 
form a reducible representation of chiral symmetry with maximal mixing jlsl . At N^LO there is 
agreement better than 15% for central values, well within the errors of the N^LO extraction. (Note 
that the signs of a.d -not be e.t^ted t.o.n ont analy.s, and were snnply chosen to he 
the same as in Ref. '15|.) 

Although the two fitted phase-shift curves almost coincide, we should not conclude that the EFT 
expansion in Pn converges very rapidly. The relatively large variation of p and g'^^ from N^LO 
to N^LO shows the significant impact of the N^LO correction. Because B is still naturally sized, 
©(I/Mqcd), the N^LO amplitude (Eq. ([9])) is one order of magnitude smaller than the magnitude 
of either the repulsive or the attractive term at N^LO (Eq. ([7])). But, in order for the sum of 
two orders to nearly vanish below E 6, the N'^LO and its subleading corrections need to be 
numerically comparable, which indicates slow convergence of the EFT expansion in this channel. 
However, the overall convergence is reasonable in the sense that the N^LO Pu is still one order 
smaller than, e.g., the P33 N^LO amplitude lo| . 

The large change in Roper parameters from one order to the next is consequence of fitting them 
away from the Roper resonance region, which is most sensitive to them. In order to have another 
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estimate of uncertainties and convergence, we consider an alternative way to determine the Roper 
parameters. The leading vrA^ partial width of the Roper is 



-(0) f^^_ 3 (9a 



C^(^) = g[f) ' (13) 

where kp is the CM momentum when the Roper is on-shell. When we fit p and g'^ to the Breit- 
Wigner mass and width from GW PSA [5], and at N^LO B from the same phases as before, we 
obtain two extra curves shown in the right panel of FIG. [H The parameters obtained this way 
are shown in the rows of TABLE [I] labeled "GW" . Although the values of p and g'^ extracted 
from the Breit-Wigner resonance parameters appear quite different from those fitted at N^LO, the 
phenomenological curve is in the vicinity of the N^LO error band, which confirms the difficulty in 
extracting p and g'^ from the EFT amplitude at N^LO. The smaller error band at N'^LO suggests 
a more reliable extraction of LECs: p indeed has come closer to the Breit-Wigner mass or the real 
part of the Roper pole position. The large variation in the "GW" curves from N^LO to N^LO is a 
reflection of the importance of the background (here represented by the LEG B), which in turn is 
another consequence of slow convergence. Note that we use this procedure based on Breit-Wigner 
parameters only as an illustration that our Roper N^LO values might survive an extension of the 
theory to the Roper region; we cannot, and do not, make claims about the success of an eventual 
fit in this region. 

Although we do not aim at a precise description of the threshold region, we extract for com- 
pleteness the corresponding scattering volume at N^LO: 

- 6vr/>. ] [ 3gA 




5 ^ m,r 1 + 4m7r/5/9 itIt^B 



(14) 

I f^^!I^\ H 

4 \gAj p l-ml/p^ g\ 

The delta and Roper contributions are suppressed by factors of rriT^/S and rriT^/p, respectively. 
With the N'^LO EFT values of p and g'j^ in TABLE HI the delta. Roper and seagull counterterm 
contributions are, respectively, —40%, —2.7% and —17% of the nucleon's, and ap^^ = — 0.081 m~^, 
in a good agreement with ap^^ = —(0.0799 it 0.0016)m^^ found in a PSA based on low-energy 



data j34}|. Of course, the successful description near threshold owes more to the seagull than to the 
Roper. The scattering length can be fitted in Roperless, deltaless ChPT with an effective -Bg// that 
accounts for the delta. Roper, and higher-energy contributions. It is reassuring that parameters 
fitted at E ^ 5 produce nearly the same value for Bgjf, the expression of which to N^LO m our 



EFT can be directly read off Eq. ([14 
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In summary, we have argued that the Roper can profitably be included in ChPT. As a first 
study, we focused on ttN scattering below the Roper resonance, in the region around the delta. 
We proposed the promotion of the Roper pole diagram over its crossed counterpart. Using this 
counting scheme, we found a good description of the Pn phase shifts throughout the low-energy 
region already at lowest non- vanishing order. The smallness of the Pn phase shifts at low energies 
makes difficult a reliable extraction of LECs from the EFT amplitude at this order, but at next 
order the best fit gives LECs close to those predicted by a reducible chiral representation with 
maximal mixing. The cancellations necessary for small Pn phase shifts suggest a slow convergence 
at low orders in the Pn channel, but it does not spoil overall convergence, when all partial waves, 
including those of more natural size, are taken into account. 
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